Gross and histopathological features of auricular chondritis in young Crj:CD(SD)IGS rats were examined. Although the rats were identi ed with metallic ear tags on the right pinnae, auricular chondritis was also observed on the contralateral (left) ear in some animals. Histopathologically, the lesions were characterized by granulomatous in ammation with destruction of the normal cartilaginous plate, formation of new cartilaginous nodules and osseous metaplasia. Proliferative cell nuclear antigen (PCNA) positive cells were present predominantly in chondrocytes found in the centre of the newly-formed cartilaginous nodules. The results suggest that the newly-formed cartilaginous nodules were due to interstitial proliferation of chondrocytes.
Auricular chondritis or auricular chondropathy is characterized by nodular to diffuse thickening of bilateral auricles in aged rats (Chiu & Lee 1984 , McEwen & Barsoum 1990 . Histopathologically, the lesions have been described as consisting of focal or multifocal granulomatous in ammation with destruction of the cartilaginous plate, accompanied by formation of cartilaginous nodules and osseous metaplasia (Chiu 1991 , Meingassner 1991 ). The lesions have been reported to occur spontaneously in some strains including Sprague-Dawley (Chiu & Lee 1984) , Wistar (McEwen & Barsoum 1990) , fawn-hooded (F-H), and F-H x NBR rats (Prieur et al. 1984) . Metallic ear tags have been cited as possible aetiology in spontaneous cases (Meingassner 1991) . Similar lesions however, have been experimentally induced in type II collagen immunized rats (Cremer et al. 1981 , McCune et al. 1982 ) and mice (Bradley et al. 1998 , Fujiyoshi et al. 1997 , suggesting that immunological function may be related to the pathogenesis (Meingassner 1991) . Auricular chondritis in rats bears some resemblance to relapsing polychondritis in humans, wherein the systemic manifestation of the disease also affects the auricles bilaterally (Chiu 1991) . This study reports incidence and histochemical ndings of auricular chondritis in young Sprague-Dawley [Crj:CD(SD)IGS] rats.
Materials and methods
A total of 641 (325 males and 316 females) outbred Crj:CD(SD)IGS rats from Charles River Laboratories Co. Ltd, (Tsukuba Breeding Center, Tsukuba, Japan) used as controls in toxicity studies were examined. The animals were individually housed in wire mesh cages (21063806180 mm; Clea Japan Inc., Tokyo, Japan) and were kept in a controlled environment under standard laboratory animal conditions, maintained at 21-25¯C with 40-70% relative humidity. The room air was automatically ventilated 10-15 times per hour with a 12 h light-dark cycle. The animals were given access to sterilized drinking water and feed (CRF-1, Oriental Yeast Industry Co. Ltd., Tokyo, Japan) ad libitum. The animals were identi ed by metallic ear tags composed of Monel metal (National Band & Tag Co., Newport, KY, USA) attached to the right ear pinna at 4 weeks of age. The animals were euthanized under ether anaesthesia at 7-9 and 18-29 weeks of age. Both right and left ear pinnae were collected at necropsy, xed in 10% neutral buffered formalin's solution overnight and then transferred to 10% ethylenediamine tetraacetate (EDTA), pH 7.2, for 2 weeks to decalcify. The trachea, larynx, nose and bronchus were also collected for comparative histopathological examination. The tissue samples were then embedded in paraf n, sectioned and stained with haematoxylin and eosin (HE) for histopathological examination. Representative sections of the ear pinnae were stained with elastica van Gieson, alcian blue (pH 2.5), periodic acid-Schiff (PAS), and Gram stain. Immunohistochemistry was conducted using an avidin-biotin complex method (ABC, Vector Laboratories, Inc., Burlingame, CA, USA) applied to de-paraf nized sections using a mouse monoclonal antibody against proliferating cell nuclear antigen (PCNA, 1:100, DAKO Japan Co. Ltd, Tokyo). Positive reactions were stained with 3,3'diaminobenzidine (DAB) and then counterstained with haematoxylin.
Results
The incidence of auricular chondritis is summarized in Table 1 . No sex predilection was observed. Clinical observation data indicate that the lesions were initially observed in the right ear within one week after the tag application procedure. The area around the tag showed encrustations with varying degrees of reddening and swelling. Although the inner surfaces of the ear pinnae became scaly, no visible ulceration or haemorrhage was observed. The overlying dermis and epidermis appeared to be histologically normal. The lesions healed within 2 weeks in most rats except in 7.7% of the males and 5.4% of the females, where hyperaemia and palpable thick rm nodules developed. Approximately 4 weeks after the tagging procedure, similar lesions appeared on the contralateral untagged ear (left) in 2.8% of the male and 2.2% of the female rats. Affected ears were thickened 2-5 times the normal. Contralateral ear lesions were not observed when the tagged ear was normal or completely healed. No gross lesions were observed in the other cartilaginous organs.
Histopathological ndings are summarized in Table 2 . Unilateral and bilateral auricular chondritis were observed in both sexes. Although the lesions appeared histologically similar in both ears, the lesions were more advanced in the tagged right pinna than in the left. Lesions were characterized by destruction of the normal cartilaginous plate with granulomatous in ammation, formation of cartilaginous nodules and osseous metaplasia. In the early stages, destruction of normal cartilaginous plate was observed in areas with focal or multifocal granulomatous in ammatory reactions (Fig 1) . These areas consist of brous histiocytic reaction, and in ltration of lymphocytes, plasma cells, neutrophils with an occasional multinuclear giant cell. As the lesions progressed, destroyed cartilage was replaced by new proliferating cartilaginous nodules. Chondrocytes found in the centre of these nodules were swollen with round or oval nuclei. In more advanced lesions, osseous metaplasia with bone marrow formation and haematopoietic activity (Fig 2) was observed in some of the proliferating nodules. Lesion incidence and progression appeared to increase with age. Histochemical staining showed that these newly-formed cartilaginous nodules contain abundant proteoglycan matrix (Fig 3) and were bound by a scarce layer of thin elastic bres (Fig 4) . PCNA-positive chondrocytes were present predominantly at the centre of the newly-formed cartilaginous nodules ( Fig 5) . Normal chondrocytes were PCNA negative. PAS and Gram stains were negative for microorganisms. No abnormality related to auricular chondritis was observed in any other cartilaginous organs.
Discussion
Auricular chondritis has been reported as typical in aged rats (Chiu 1991) . Reported lesion incidence in 12-25-month-old outbred Sprague-Dawley rats at necropsy was 0.4-3.6% in males and 0.7-41% in females (Chiu 1991 , Meingassner 1991 , whereas a 1.0% incidence was reported for 133-day-old female outbred Wistar rats (McEwen & Barsoum 1990 ). In F-H x NBR rats that were at least 6 months old, 8.0% of males and 11.0% of females were reported to have auricular chondritis (Prieur et al. 1984) . The lesions develop initially at the tagged right pinna and subsequently developed in the contralateral ear pinna with an age-dependent increase in incidence (Meingassner 1991) . In the present study, the lesions in SD rats were found in 3.3% of the males and 2.7% of the females at 7-9 weeks old, whereas a higher incidence of 10.3% and 6.9%, in males and females, respectively, was observed at 18-29 weeks of age. Compared to previous reports, the lesions observed in the present study appeared to develop earlier, and the severity of the lesions progressed with age.
Histologically, the lesions in male and female SD rats were similar to those reported for other strains (Prieur et al. 1984 , McEwen & Barsoum 1990 . The majority consisted of focal or multifocal granulomatous in ammation with destruction of the normal cartilaginous plate, formation of brochondrous or chondrous nodules and osseous metaplasia or sometimes a combination of these lesions (Chiu 1991) . The sparse amount of elastic bres and the presence of abundant proteoglycan matrix indicate that the newlyformed cartilaginous nodules display structural characteristics of hyaline cartilage rather than elastic cartilage found in normal ear pinnae (Bradamante et al. 1991) . The increased proteoglycan matrix and PCNA- positive chondrocytes in the centre suggest that the cartilaginous nodules were formed by the proliferation of chondrocytes (interstitial growth).
In carcinogenicity studies, auricular lesions associated with metallic ear tags were reported in Wistar rats (Waalkes et al. 1987) . The release of nickel ions, the major component of metal ear tags, was considered as a stimulus for the malignant transformation of cartilage in tagged ears (Meingassner 1991) . Auricular chondritis may be distinguished from other tumours that may be found associated with ear pinnae such as brochondroma, chondroma, or chondrosarcoma, since these are not usually accompanied by granulomatous in ammation (Chiu 1991) .
Although the exact pathogenesis of auricular chondritis in rats remains obscure, reports suggest that humoral immunity may play a role, as the in ammatory in ltrates (McCune et al. 1982) as well as the cartilage matrix adjacent to the chondrocytes (Cremer et al. 1981 ) react positively to IgG and C3 antibodies in experimental immunization to type II collagen. On the contrary however, an autoimmune response initiated by a chronic in ammatory process at the site of the tag insertion in pinally-restricted chondritis has also been suggested as a likely pathogenesis (Meingassner 1991) . In spontaneous auricular chondritis, genetics have also been considered as a probable factor, as incidence appear to depend on the source of the animal stock (Chiu 1991) . In the present study, the chronic in ammatory reaction that resulted from the ear-tagging procedure probably played a major role in initiating the auricular lesions.
